Quantum chemical calculations suggest that a series of molecules with the general formula MAu 6 are stable, where M is a a group 6 atom, Cr, Mo, W, respectively. These species have a structure analogous to the corresponding MH 6 compounds, while they differ from the MX 6 , where X is a halogen. The further reaction MAu 6 þ 3Au 2 -MAu 12 is strongly exothermic.
I. Introduction
The existence of uranium tetraauride, UAu 4 , and the tetrahedral group 4 molecules, MAu 4 , where M ¼ Ti, Zr, Hf and Th has been recently predicted. 1 In these species gold has a formal oxidation state of (À1) and acts as a ligand to the metallic center. The MAu 4 species were compared to the corresponding MX 4 species, where X ¼ halide and it turned out, that sizewise Au gives M-Au bond lengths between M-Br and M-I ones, while energywise the M-Au bonds are weaker than the M-Br and M-I bonds. The molecular structure remains tetrahedral.
In the present study we tried to extend the concept of Au acting as a ligand to the hexacoordinated species MAu 6 (Fig.  1) , where M is a a group 6 atom, Cr, Mo, W respectively.
They turn out to be stable, in the sense of having all real harmonic frequencies, but their structures turn out to resemble those of the analogous MH 6 hydrides, and not those of the analogous MX 6 halides.
These Group-5 pentahydrides 2-4 and Group-6 hexahydrides [3] [4] [5] [6] [7] [8] [9] [10] [11] have attracted copious attention. While the earliest treatments of WH 6 simply assumed the system to be octahedral 5, 6 like the WX 6 hexahalides, it was later discovered that the system strongly distorts to a C 3v structure. 3, [7] [8] [9] The recent vibrational spectra of WH 6 in a neon matrix verify that C 3v structure. 10, 11 Pentamethyltantalum and hexamethyltungsten are distorted like the corresponding hydrides. 3 The Group 5 pentahalides are trigonal pyramidal 12 while the MH 5 pentahydrides were found to distort to a C 4v structure. [2] [3] [4] For reviews on the general question of distorted structures of d 0 systems, see Kaupp 13 or Seppelt.
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II. Computational details
All species were studied using density functional theory, DFT, with the B3LYP exchange-correlation functional and second order perturbation theory, MP2. For all atoms the energy-adjusted Stuttgart ECPs were used in order to take into account relativistic effects. 15 The number of valence electrons is 13 for V, Nb, Ta, 14 for Cr, Mo, W, and 19 for Au. The basis sets accompanying the ECPs 6s5p3d for all atoms were used. 16 All calculations were repeated also with larger basis sets, in which the Cr, Mo, W valence basis set were increased with one f function (exponent ¼ 0.80), 6s5p3d1f and the gold valence basis set was increased by two f functions (exponents 1.19, 0.20), 17 6s5p3d2f. We will report only the results obtained with the larger basis set.
Equilibrium geometries and harmonic frequencies were computed for all species at the DFT level of theory. For certain species the calculations have been repeated also at the MP2 level of theory. The MP2 frequency calculation on WAu 6 was run with the resolution-of-the-identity (RI) variant available in the TURBOMOLE package [18] [19] [20] to make the calculation feasible.
The programs TURBOMOLE [18] [19] [20] and Gaussian98 21 were employed.
III. Results and discussion
All MAu 6 molecules were found to be local minima, with all real harmonic frequencies in a singlet ground state. In the WAu 6 case the lowest triplet state lies ca. 9 kcal mol À1 above the singlet ground state.
The MAu 6 species have C 3v symmetry. Calculations were also performed on the MAu 6 species analogous to the hexahalide structures, with and O h symmetry respectively, but these had some imaginary frequencies.
For the MAu 6 species we also considered the structures with D 3h symmetry (Fig. 2) and they consistently lie higher in energy than the corresponding C 3v isomers.
In the WAu 6 case, the O h structure analogous to WCl 6 lies ca. 11 kcal mol À1 above the C 3v minimum structure reported Fig. 1 The structure of WAu 6 . The other MAu 6 species have a similar structure.
here. WAu 6 D 3h lies ca. 2 kcal mol À1 above the C 3v isomer. The D 3h structure can be considered a transition state between the two C 3v isomers. Spin-orbit effects, which have not been considered in the present study, could quench the symmetry breaking, but the difference between D 3h and C 3v is anyway small. Spin-orbit effects could also lead to an even lower singlet-triplet energy gap. For CrAu 6 the energy difference between the C 3v and D 3h isomers is ca. 6 kcal mol
À1
. In Table I the B3LYP bond distances for the MAu 6 local minima are reported. They follow a clear trend along the series: the M-Au1 and M-Au2 bond distances decrease, while the Au1-Au1 and Au2-Au2 bond distances increase along the series. Note that the MBPT2-level Au2-Au2 distances of the MAu 5 species and the Au1-Au1 and Au1-Au2 distances of WAu 6 are clearly shorter than their B3LYP-level equivalents. This can be taken as evidence for an aurophilic attraction between these gold atoms. 22 The B3LYP harmonic frequencies of the MAu 6 species are reported in Table 2 All modes have almost zero intensity.
In order to investigate the stability and chance of formation of these species we considered as a prototype case WAu 6 , and compared its relative stability with that of the newly predicted 23 We also explored the possibility of the existence of the MAu 5 species where M ¼ V, Nb, Ta. These species have a triplet ground state.
It was possible to optimize all the structures in their singlet ground state, which turned out to have C 4v symmetry (Fig. 3 ) and all real harmonic frequencies. However, among the triplets it was possible to optimize only NbAu 5 triplet, which lies ca. 14 kcal mol À1 below the lowest singlet state and ca. 18 kcal mol
below the lowest quintet. For VAu 5 and TaAu 5 the triplet optimization did not converge. However, at the vertical singlet geometries, the triplets lie lower in energy.
IV. Conclusions
The existence of a series of molecules with the general formula MAu 5 and MAu 6 has been predicted, where M is a group 5 atom (V, Nb, Ta) and a group 6 atom (Cr, Mo, W), respectively. These species have a structure analogous to the corresponding MH 5 and MH 6 compounds. The chances of finding these species have been assessed by investigating the formation/dissociation reaction of WAu 6 from/to three Au 2 molecules and a W atom. It turns out that WAu 6 is ca. 23 kcal mol À1 per W-Au bond more stable than three Au 2 molecules and a W atom. One possible way of making WAu 6 would be the normal matrix spectroscopic approach of codeposition of the two metals into a rare-gas matrix, followed by judicious annealing and infrared observation. The relatively low vibrational frequencies make this somewhat problematic. Another way to observe these species would be mass-spectroscopy. 
